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Numerous methods existe fortheir preparation . Some „ for 

Peloids bring about a fast and often quantitative oxidation of the amine. is pa rt l ou ,ar.y s U «abl e .or th » 

TJTTJTZZiT T ss,ul oxwa,ion WHh a ^ ls 1,16 pH - *• • 

^d rril! S on 8U T ed * ^ "* ^" * ^ » w», the . 

peraadandbasear e re g u.atedinsuohaw ay «hatfl le pH,s m aimainedin«,erangeof4,o, 2 
Aimough this is a feasible method, suoh mode of operation gives raise to serious drawbaoks: 



a) The apparatus must be equiped with two closing units. 

b) Measuring of the pH is required. However, a reliable pH-measuement in heterogeneous mixtures is 
rather difficult, in particular in large scale production, 

c) Alkali metal bicarbonates have a rather low solubility in water. As a consequence, large volumes of 
solutions are required. Therefore, the volume yield is low, which negatively influences the economics 
of the operation. 

These drawbacks make the prior art process less attractive for large-scale industrial oxidation 
processes. 

The instant invention avoids these drawbacks and allows thus a substantially more efficient process, 
particularly when large-scale production is envisaged. 

The invention relates to a process for the preparation of secondary nitroxide radicals from their 
corresponding secondary amines by oxidation with an organic peracid, comprising the steps 

a) adding to a reaction vessel a secondary amine, optionally together with an organic solvent and in 
one batch a base selected from the group consisting of alkali metal, alkaline earth metal or 
ammonium bicarbonates and alkaline earth metal or ammonium carbonates or mixtures thereof in 
the form of a solid together with water or as an aqueous slurry; 

b) dosing a peracid under stirring to the reaction mixture in an amount of 1 ,0 to 2,5 mol per mol of 
secondary amine; and 

c) isolating the organic phase. 

Preferably the organic solvent used in step a) is immiscible with water. 
Examples are aromatic solvents, saturated hydrocarbon solvents or ketones. 

The peracid may be any organic peracid, for example performic, peracetic, perpropionic, perbenzoic, m- 
chlorperbenzoic or trifluoroperacetic acid. Preferred is peracetic acid. The peracid may be used pure or 
in a suitable solvent. Preferred is the solution of peracetic acid in water or in acetic acid. 

Preferably the amount of water added in step a) is sufficient to dissolve the organic acid salt formed in 
the neutralization reaction between the organic acid and the bicarbonate or carbonate. 



The overall oxidation reaction is represented by the following equation- 
>N-H + 1 .5 RCOOOH — > >N . 0 ' + 1 .5 RCOOH + 0.5 K© 

ea^h b ^r baSeS 1 *" ~ " ** eXamp ' e b,0a *° nates - — "«* and alkaline 

2* 1+2 e,ementS) W ~ um •*-*«- - donates o, aika.ine eadh m«IL 

ELtzr^r ~ ~ — ^ **» - » — — 

Useful ere for example also baste oarbonates of alkaline earth metals of a genera, formula 
nMCCfexmMfOH), n, mare Integers between 1-10. 

n RCOOH + M(HC0 3 ) n > (RC 00) n M + n CO, + n H.O 

when M is an alkali metall cation (l_r, Na + , K + , ...) or NH 4 + , then n=l 
when M is an alkaline earth metall cation (Ca~ Mg", ...), then n=2 

Or if an alcaline earth metall carbonate, for example CaC0 3 , is used- 
2RCOOH + MC0 3 ->(RCOO) 2 M + C 0 2 + HzO ' 

The minimal volume of water in the process disclosed in WO ooutsm\ for o • 



A considerable further advantage of the above mentioned weakly basic bases is that their aqueous 
slurries do not trigger fast decomposition of the peracid. The difficult measurement of pH in a 
heterogeneous reaction system is therefore not necessary in the instant process. It is, however, 
mandatory in the prior art process. 

To illustrate this, the solubility data of the technically most important bicarbonates and acetates are 
presented in Table 1 . 



Table 1 



Solubility 


Na + 


K + 


(NH 4 ) + 


Ca 2+ 


Mg 2t 


Bicarbonate 


10.3 
(25 °C) a 


36.2 
(25°C) a 


24.8 
(25 °C) a 






Acetate 


50.4 


269 


148 


43.7 


65.6 




(25°C) a 


(25°C) a 


(4°C) a 


(0 °C) b 


(25°C) a 



g/100g Water. (CRC Handbook of Chemistry and Physics, 82 nd Edition) 
g/100 g Solution. (R.K. Freier: "Aqueous Solutions", Walter de Gruyter, Berlin 1976) 



Table 2 shows the minimal amount of water, calculated with the data from Table 1 , which is needed for 
the preparation of a solution of 1 mol of bicarbonate to be dosed according to WO 00/40550. 
The minimal amount of water needed to completely dissolve the acetate formed during the neutraliza- 
tion of 1 mol acetic acid with 1 mol of bicarbonate or 0.5 mol of carbonate loaded as a solid according 
to the present invention into the reactor is calculated for comparison. The water formed during the 
neutralization is not taken into consideration. 



Table 2 





NaHCOa 


KHCOs 


NH4HCO3 


CaC0 3 


MgCOg 


mL of HzO 


815.5 


276.5 


318.5 


Unsoluble 


Unsoluble 


WO 00/40550 


(25 °C) 


(25 °C) 


(25 °C) 






mL of HaO 


162.7 


36.5 


52.0 


180.9 


108.5 


Present 


(25 °C) 


(25 °C) 


(4°C) 


(0°C) 


(25 °C) 


Invention 













Table 2 clearly shows that the amount of the reactor volume occupied by the unproductive 
phase is substantially reduced in the process according to the present invention. 



For example the base is sodium or potassium bicarbonate, calcium or magnesium carbonate or 
dolomite. 

For instance the base is added in an amount of from 0.1 to 1 .0 equivalent base per 1 equivalent of all 
acids present. 

A suitable reaction temperature is between -20°C and 80°C, preferably between 0°C and 40°C. 

Conveniently the dosage of the peracid is carried out from 10 minutes to 5 hours. 

The total reaction time is for example from 30 minutes to 10 hours. The reaction is carried out, for 
instance, at atmospheric pressure. 

The nitroxide radical formed is for example of formula (I) 

\ 

\l— O (0 

R P 

R p and R, are independently tertiary bound Q-Casalkyl groups or Q-C 17 secondary bound alkyl 
groups which are unsubstituted or substituted by one or more electron withdrawing, groups or by 
phenyl; or 

R P and Rq together form a 5, 6 or 7 membered heterocyclic ring which is substituted at least by 4 d- 
C 4 alkyl groups and which may be interrupted by a further nitrogen or oxygen atom. 

\ 

Consequently the secondary amine precursor is of formula (I') N NH (!'). The amine precursors are 
mostly items of commerce. 

The nitroxyl radicals and their secondary amine precursors are principally known from US-A-4 581 
429 or EP-A-621 878. Particularly useful are the open chain compounds described in WO 98/1 3392, 



WO 99/03894 and WO 00/07981, the piperidine derivatives described in WO 99/67298 and GB 

2335190 or the heterocyclic compounds described in GB 2342649 and WO 96/24620. 

Further suitable nitroxylethers and nitroxyl radicals are described in WO 02/4805 and WO 

02/100831 

Examples of nitroxyl radicals, which can be prepared by the instant process are given below. For 
example the nitroxyl radical contains a structural element of formula (X) 



Gi, G 2 , G3, G4 are independently C r C 6 alkyl or G, and Q> or G 3 and G*, or G, and G 2 and and G 4 

together form a C s -C 12 cycloalkyl group; 

•denotes a valence; and 

G 5 , Gb independently are H, d-Cealkyl. 




G 5 (X), wherein 



'3 



Consequently the amine precursor is of formula (X*) 




3 



(X). 



For instance the nitroxide radical is of formula A", B' or O', 




(A') 



G«v Go G ft 
o — u \ il 



















n i(E 














G 4 



(o-) 



wherein 
misl, 

R is hydrogen, Q-C 1e alkyl which is uninterrupted or interrupted by one or more oxygen atoms, 
cyanoethyl, benzoyl, glycidyl, a monovalent radical of an aliphatic carboxylic scid having 2 to 18 
carbon atoms, of a cycloaliphatic carboxylic acid having 7 to 15 carbon atoms, or an ?,?- 
unsaturated carboxylic acid having 3 to 5 carbon atoms or of an aromatic carboxylic acid having 7 to 
15 carbon atoms; 
pis1; 

R101 is d-daalkyl, QrCTcycloalkyl, CVCBaralkyl, C 2 -C 18 alkanoyl, C3-C 5 alkenoyl or benzoyl; 

Rio 2 is C-daalkyl, CrCycycloalkyl, Cb-C e alkenyl unsubstituted or substituted by a cyano, carbonyl 

or carbamide group, or is glycidyl, a group of the formula -CH 2 CH(OH)-Z or of the formula -CO-Z or - 

CONH-Z wherein Z is hydrogen, methyl or phenyl; 

G 5 and G, are independently hydrogen or d-C+alkyl, and 

G, and G3 are methyl and G, and G* are ethyl or propyl or G, and are methyl and Q, and G* are 
ethyl or propyl. 



More preferably in formula A', B' and O' 



R is hydrogen, d-d 8 alkyl, cyanoethyl, benzoyl, glycidyl, a monovalent radical of an aliphatic, 
carboxylic acid; 

R 10 i is C r C 12 alkyl, C7-C 8 aralkyl, C 2 -C 18 alkanoyl, C 3 -C 5 alkenoyl or benzoyl; 

R 102 is CrC 18 alkyl, glycidyl, a group of the formula -CH 2 CH(OH)-Z or of the formula -CO-Z, wherein 
Z is hydrogen, methyl or phenyl. 

The above compounds, their precursors and their preparation are for example described in GB 
23351 90 and GB 2 361 235. Some are commercially available. 

Another group of nitroxyl radicals are those of formula (lc'), (Id'), (le"), (If), (lg') or (lh') 



wherein R^, R202, FU and Raw independently of each other are Q-C 18 alkyl, Gj-C 18 alkenyl, Q- 
C 18 alkinyl, d-C 18 alkyl, d-Ci 8 alkenyl, d-C 18 alkinyl which are substituted by OH, halogen or a group 
-O-C(O)-R20 5 , C 2 -C 18 alkyl which is interrupted by at least one O atom and/or NR 205 group, C 3 - 
C 12 cycloalkyl or d-doaryl or R^i and R202 and/or R> 03 and R204 together with the linking carbon 
atom form a d-d2Cycloalkyl radical; 

R205, Raoe and R 207 independently are hydrogen, d-C 1B alkyl or C 6 -C 10 aryl; 

Rzos is hydrogen, OH, d-d 8 alkyl, d-C 18 alkenyl, C 3 -d 8 alkinyl, d-C 18 alkyl, C 3 -C 18 alkenyl, C 3 - 
C 18 alkinyl which are substituted by one or more OH, halogen or a group -O-dOJ-Rajs, d-C 18 alkyl 
which is interrupted by at least one O atom and/or NR 205 group, d-d 2 cycloalkyl or C B -C 10 aryl, d- 
Cgphenylalkyl, d-Cioheteroaryl, -C(0)-d-C 18 aikyl, -0-C r Ci 8 alkyl or -COOd-C 18 alkyl; and 
R209, RzlO, R211 and R 212 are independently hydrogen, phenyl or d-C 18 alkyl. 




O 



O- 




More preferably in formula (IC), (Id'), (le% (If), (lg') and (In') at least two of FWi, Rn, R203 and FW 
are ethyl, propyl or butyl and the remaining are methyl; or 

R201 and R 202 or R 203 and together with the linking carbon atom form a QrC 6 cycloalkyl radical 
and one of the remaining substituents is ethyl, propyl or butyl. 

The above compounds, their precursors and their preparation is described in GB 2342649. 
Other suitable compounds are the 4-imino piperidine derivatives of formula V 

, G nAe 




(V) wherein 



301 



G11, G 12 , G 13 and G 14 are independently C 1 -C 4 alkyl or Gn and G 12 together and G 13 and G 
together, or Gm and G 12 together or G 13 and G 14 together are pentamethylene; 
G 1S and G, 6 are each independently of the other hydrogen or C r C 4 alkyl; 



k is 1,2,3, or 4 



Y is O, NRaos or when n is 1 and R^, represents alkyl or aryl Y is additionally a direct bond; 
is H, d-C 18 alkyl or phenyl; 

if k is 1 

R301 is H, straight or branched C r C 18 alkyl, C 3 -C 18 alkenyl or C 3 -C 18 alkinyl, which may be 
unsubstituted or substitued, by one or more OH, d-C 8 alkoxy, carboxy, d-Csalkoxycarbonyl; 
C 5 -C 12 cycloalkyl or C 5 -C 12 cycloalkenyl; 

phenyl, CrCgphenylalkyl or naphthyl which may be unsubstituted or substituted by one or more Q- 
C 8 alkyl, halogen, OH, C r C 8 alkoxy, carboxy, Ci-C 8 alkoxycarbonyl; 

^(OJ-d-C^alkyl. or an acyl moiety of a ?,? -unsaturated carboxylic acid having 3 to 5 carbon 
atoms or of an aromatic carboxylic acid having 7 to 1 5 carbon atoms; 

-S0 3 Q + , -PO(O Q + ) 2 , -P(0)(OR 2 k -S0 2 -R a -CO-NH-R 2 , -CONH 2 , COOR 2 , or Si(Me) 3 , wherein Q + is 
H*. ammnonium or an alkali metal cation; 



t 
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if k is 2 

R301 is d-C^alkylene, C 3 -C 18 alkenylene or C 3 -C 18 alkinylene, which may be unsubstituted or 
substitued, by one or more OH, (VCalkoxy, carboxy, C r C 8 alkoxycarbonyl; 
or xylylene; or 

R301 is a bisacyl radical of an aliphatic dicarboxylic acid having 2 to 36 carbon atoms, or a 
cycloaliphatic or aromatic dicarboxylic acid having 8- 1 4 carbon atoms ; 

if k is 3, 

R301 is a trivalent radical of an aliphatic, cycloaliphatic or aromatic tricarboxylic acid; 
and 

if k is 4, R301 is a tetravalent radical of an aliphatic, cycloaliphatic or aromatic tetracarboxylic acid. 
The compounds are described in WO 02/1 00831 . 

Preferably G 16 is hydrogen and G, B is hydrogen or C5 1 -C 4 alkyl, in particular methyl, and 

G11 and Go are methyl and Q 2 and G, 4 are ethyl or propyl or Gm and G, 2 are methyl and G 13 and 

G 14 are ethyl or propyl. 

The alky! radicals in the various substituents may be linear or branched. Examples of alkyl 
containing 1 to 18 carbon atoms are methyl, ethyl, propyl, isopropyl, butyl, 2-butyl, isobutyl, t-butyl, 
pentyl, 2-pentyl, hexyl, heptyl, octyl, 2-ethylhexyl, toctyl, nonyl, decyl, undecyl, dodecyl, tridecyl, 
tetradecyl, hexadecyl and octadecyl. 

Alkenyl with 3 to 1 8 carbon atoms is a linear or branched radical as for example propenyl, 2-butenyl, 
3-butenyl, isobutenyl, n-2,4-pentadienyl, 3-methyl-2-butenyl, n-2-octenyl, n-2-dodecenyl, iso- 
dodecenyl, oleyl, n-2-octadecenyl Oder n-4-octadecenyl. 
Preferred is alkenyl with 3 bis 12, particularly preferred with 3 to 6 carbon atoms. 

Alkinyl with 3 to 18 is a linear or branched radical as for example propinyl ( — ch 2 -c=ch ), 2- 

butinyl, 3butinyl, n2-octinyl, oder r>2-octadecinyl. Preferred is alkinyl with 3 to 12, particularly 
preferred with 3 to 6 carbon atoms. 

Examples for hydroxy substituted alkyl are hydroxy propyl, hydroxy butyl or hydroxy hexyl. 



Examp.es for halogen substituted alky, are dtehloropropyl, monobromobuty, or trlchtorohexyl. 

CrCalkyl interrupted by at east one O atom is for example -CHrCHrO-CO-CH CK. ru n 
CH, or -C^-CHt-O-CH.-CtVCH.O-CfVCfV. . fs prefely deled froJ ^LZ^ A 



SStT ""T ^ * ^ ° ne NR5 Sr0UP may be 9°™™* *^ed as -((Cfy -NR , 
H/CH,, wherein a, b and R s are as defined above. ^ 

o^^IJ- 8 IT? ° yOlOPr0Pyl ' CyC,0pen,yl - ^'cyolopentyl, dimethyleyolopenty, 
cyclohexyl.methylcyclohexylortrimethylcyclohexyl. "wsn. 

C 6 -C 10 aryl is for example phenyl or naphthyl, but also comprised are C-C.alkyl substituted nhPnv, 

rr„-z= : ~r=2= 

■sopropylben.ene. Hatogen subsffluted phenyl „ tdr examp,e dioh.oroben.ene or b^ene 
AlKo^su^ents are typioalty mettoxy, ethoxy, propoxy or butoxy and their cor.sponding 

C 7 -C g phenylalkyl is benzyl, phenylethyl or phenylpropyl. 
p.coline, pyridazine, pyrazlne or pyrimidine. 

4-hydroxyphenyl)propionyl radical. a'lenDutyl 

C,C, 8 a, k anoy. is for example, formyl, propionyl, butyryl, octanoyl, dodecanoy. but preferably acetyl 
and C 3 -C 5 alkenoyl is in particular acryloyl. ereraoiy acetyl 
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The following examples illustrate the invention. 
Example 1: 

^.on< rf2 ,6. Dl e*y,.2^ Wn , eUwNpIperWlne ^ TOusl ^ c ^ oH 

niAiure wnne Keeping the tempearure between ?n-^n °n tk. ... 
additional 150 minutes The red enJL i. m,Xtl,re te then stirred for 

= , as a red „ u , ^ raaterial is wentloal ^ ^rr^tzr:^ 

Example 2: 
Example 3: 

«* sampte prepared as described in DE Tsi^ * * 6 
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Example 4: 

Oxidation of 2,6-Dlethyl-2,3,6-trimethyl-piperidin-4-one using CH 3 COOOH/NH 4 HC0 3 

Ammonium bicarbonate (23.72g, 0.3 mol) is employed in the same way as described in example 1 
using only 20 ml of water to yield 20.52 g of 2 J 6-diethyl-2,3,6-trimethyl-piperidine-4-one-N-oxyl as a 
red liquid. The material is identical with the authentic sample prepared as described in DE 
19909767. 

Example 5: 

Oxidation of 2 ) 6-Diethyi-2,3,6-trimethyl-piperldine-4-one using CH 3 COOOH/KHC03 

Potassium bicarbonate (30.03g, 0.3 mol) is employed in the same way as described in example 1 
using only 1 1 ml of water and 30 ml of ethyl acetate instead of toluene to yield 20.77 g of 2,6-diethyl- 
2,3,6-trimethyl-piperidine-4-one-N-oxyl as a red liquid. The material is identical with the authentic 
sample prepared as described in DE 19909767. 

Example 6: 

Oxidation of 2 s 6-Dlethyl-2 5 3,6-trimethyl-piperidine using CH 3 COOOH/NaHC0 3 

A four neck flask equipped with stirrer, thermometer and dropping funnel is charged with sodium 
bicarbonate (25.20 g, 0.3 mol), water (25 ml), ethylacetate (25 ml) and 2,6-diethyl-2,3,6-trimethyl- 
piperidine (9.17 g, 0.05 mol, prepared as described in WO 0046202). Peracetic acid (19.01 g, 0.1 
mol, 40 % solution in acetic acid) is then added dropwise over 50 minutes to the stirred mixture 
while keeping the temperature between 20-30 0 C. The mixture is then stirred for additional 1 0 hours. 
The red organic layer is separated, washed with saturated NaHC0 3 and water, dryied over Na^O* 
and evaporated to yield 9.63 g of 2,6-diethyl-2,3,6-trimethyl-piperidine-N-oxyl as a red liquid. The 
material is identical with the authentic sample prepared as described in DE 2621841 . 

Example 7: 

Oxidation of 2,2,6 5 6-Tetramethylpiperidin-4-one using CH 3 C000H/NaHCO 3 

A four neck flask equipped with stirrer, thermometer and dropping funnel is charged with sodium 
bicarbonate (101.8 g, 1.2 mol), water (100 ml), ethylacetate (100 ml) and 2,2,6,6- 
tetramethylpiperidin-4-one (31 .05 g, 0.2 mol, Aldrich). Peracetic acid (19.01 g, 0. mol, 40 % solution 
in acetic acid) is then added dropwise over 50 minutes to the stirred mixture while keeping the 
temperature between 20-30 0 C. The mixture is then stirred for additional 30 minutes. The reaction 
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Claims 

1 . A process for the preparation of secondary nitroxide radicals from their corresponding secondary 
amines by oxidation with an organic peracid, comprising the steps 

a) adding to a reaction vessel a secondary amine, optionally together with an organic solvent and in 
one batch a base selected from the group consisting of alkali metal, alkaline earth metal or 
ammonium bicarbonates and alkaline earth metal or ammonium carbonates or mixtures thereof in 
the form of a solid together with water or as an aqueous slurry; 

b) dosing a peracid under stirring to the reaction mixture in an amount of 1,0 to 2,5 mol per mol of 
secondary amine; and 

c) isolating the organic phase. 

2. A process according to claim 1 wherein the organic solvent optionally used in step a) is immiscible 
with water. 

3. A process according to claim 1 wherein the peracid is peracetic acid. 

4. A process according to claim 1 wherein the amount of water added in step a) is sufficient to dissolve 
the organic acid salt formed in the neutralization reaction between the organic acid and the bicarbonate 
or carbonate. 

5. A process according to claim 1 wherein the base is sodium or potassium bicarbonate, calcium or 
magnesium carbonate or dolomite. 

6. A process according to claim 1 wherein the base is added in an amount of from 0.1 to 1 .5 equivalents 
base per 1 equivalent of all acids present. 

7. A process according to claim 1 wherein the reaction temperature is between 0° C and 40° C. 

8. A process according to claim 1 wherein the dosage of the peracid is earned out from 10 minutes to 5 
hours. 

9. A process according to claim 1 wherein the nitroxide radical is of formula (I) 
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N — O (I) 

R p 

R P and R, are independently tertiary bound Q-Caaalkyl groups or Q-C 17 secondary bound alkyl 
groups which are unsubstituted or substituted by one or more electron withdrawing groups or by 
phenyl; or 

R p and R q together form a 5, 6 or 7 membered heterocyclic ring which is substituted at least by 4 d- 
C 4 alkyl groups and which may be Interrupted by a further nitrogen or oxygen atom. 

10. A process according to claim 1 wherein the nitroxide radical contains a structural element of 



formula (X) 




Gi, G 2l Ga, G* are independently d-C 6 alkyl or G, and Q, or G 3 and d, or d and G 2 and G3 and G4 

together form a C 5 -C 12 cycloalkyl group; 

'denotes a valenc; and 

G 5 , Gs independently are H, d-C 6 alkyl. 



-18- 

Abstract 

The invention relates to a process for the preparation of secondary nitroxide radicals from their 
corresponding secondary amines by oxidation with an organic peracid, comprising the steps 

a) adding to a reaction vessel a secondary amine, optionally together with an an organic solvent which 
is immiscible with water and in one batch a base selected from the group consisting of alkali metal, 
alkaline earth metal or ammonium bicarbonates and alkaline earth metal or ammonium carbonates 
or mixtures thereof in the form of a solid together with water or as an aqueous slurry; 

b) dosing a peracid under stirring to the reaction mixture in an amount of 1,5 to 2,5 mol per mol of 
secondary amine; and 

c) isolating the organic phase. 



